Background: Physical activity has the potential to improve cognition for those with dementia, as demonstrated by randomised controlled trials lasting at least 6 weeks.
Introduction
The onset and progression of dementia is characterised by cognitive decline. Treatments should therefore aim to alleviate the effects of cognitive decline. Traditional treatment is sought through pharmacology. When successful, available treatments are only able to slow cognitive decline for a short period of time; no research has supported the use of current pharmacological ther-studies have highlighted cognitive benefits of strength or resistance activities, a common form of non-aerobic physical activity. For example, Mavros and colleagues [20] found high intensity progressive resistance training resulted in significant improvements in cognitive function, with strength gains mediating the cognitive benefits of resistance training [20] . Strength promoting physical activity advocated in guidelines has been supported by Health Survey data for England and Scotland over and above generic physical activity recommendations [21] . Furthermore, resistance based physical activity has been shown to be feasible, easy for staff to administer and requires minimal equipment [22, 23] ; as well as being tolerated well and enjoyed by older adults [24] . This indicates that resistance based physical activity may be feasible as a potential therapy for people with dementia. Additionally, resistance based physical activity can be performed using resistance bands from a seated position, increasing the feasibility and accessibility for individuals of all abilities. This could be advantageous for a therapy aimed at people with dementia, considering dementia frequently co-occurs with frailty impacting the individuals' physical abilities alongside their difficulties resulting from cognitive symptoms [25] .
Evidence substantiating the benefits of physical activity over a period of at least six weeks for people with dementia is pervasive. Research into the acute or immediate effects of physical activity for people with dementia, however, is sparse. Current literature does suggest that a single bout of physical activity can alter an individual's cognitive performance [26, 27] . The benefits observed from a single session of aerobic activity, specifically, has been observed across various cognitive functions, including attention, information processing, memory and executive functions [28] [29] [30] . It has been further suggested that the influence of physical activity on higher order cognition is affected by ceiling effects; therefore, participants with low performance on executive function tasks can expect the greatest benefits from a single session of physical activity [31] [32] [33] . For that reason, it can be expected that people with dementia are likely to experience acute cognitive effects from physical activity, especially on executive tasks.
Although the positive effects of physical activity are well documented, evidence for the underlying biological mechanisms remains limited. Acute physical activity has been suggested to induce numerous molecular and cellular processes that support brain plasticity and general brain health [34] . For instance, physical activity has been shown to enhance neurogenesis [35, 36] specifically in the hippocampus [37] , increase neurotrophin concentrations [34, 38] , increase blood flow throughout the vascular system (also termed vascularisation) [39, 40] and finally, reduce the effects of neuroinflammation [41] .
Research has further indicated that physical activ-apies longer term [1] . This is because currently there are no pharmacological treatments available that are disease modifying. Treatment strategies that have sought to act directly upon the disease, such as acetylcholinesterase inhibitor drugs, have so far been unsuccessful due to their poor solubility, lower bioavailability, and ineffective ability to cross the blood-brain barrier [2] . Pharmacological treatments are therefore limited to therapies that alleviate the symptoms of dementia. Antipsychotic agents are widely used to reduce the neuropsychiatric symptoms and people with dementia represent a large portion of the antipsychotics prescribed in UK primary care [3] . However, the evidence regarding antipsychotics for symptom management is controversial due to limited efficacy, the risk for serious adverse events [4] and the introduction of an abundance of undesirable side-effects [5] . It is therefore imperative to utilise treatments either in combination with -or independently of -pharmacology that could further prolong the maintenance of cognitive functioning for people with dementia.
Physical activity interventions have been shown to provide numerous benefits for people with dementia.
Interventions often involve taking part in physical activity three to five times per week, for at least a twoweek period, with some interventions continuing for up to 6 months [6] . The most widely recognised physical benefits of physical activity are those observed by increasing cardiovascular and cardiorespiratory fitness [7] . Research has further evidenced increases in balance, mobility, functional ability, performance of activities of daily living, flexibility, agility and muscle strength, as well as reduced concern for falls and physical abilities [8] [9] [10] [11] .
Beyond the well-known physical effects of engaging with physical activity long term, research has shifted emphasis to the cognitive benefits resulting from physical activity engagement. A meta-analysis found that physical activity programs lasting between 6 and 52 weeks had an overall positive effect on global cognitive function of people with dementia [12] . This effect was shown regardless of the type of dementia diagnoses and whether the physical activity was high or low frequency, it was most pertinent for combined physical activity programs and aerobic based programs. Programs combining physical activity and cognitive stimulation have been found to benefit global cognitive functioning of older adults with dementia [13] and may be more beneficial than physical activity by itself [14] . Specific benefits of physical activity have also been shown for attention, processing speed, executive functions, memory and conflict resolution [15] [16] [17] [18] . It is for these reasons that physical activity is frequently recommended as a treatment for dementia [19] .
Reviews have most prominently shown positive effects for aerobic only physical activity programs [12] (e.g. Groot, et al. 2016 ). However, several more recent
Methods

Participants and procedure
Once ethical approval was given by Loughborough University ethical committee, participants were recruited from Alzheimer's disease or Dementia activity groups local to Loughborough University. In total, 25 individuals took part in the study, 10 who self-reported that they had been diagnosed with dementia and 15 were aged-matched controls. Participants were all educated at secondary school level or higher, identified as British or white British and were of a medium to high socioeconomic status. Participants were invited to 3 sessions at Loughborough University, with 6 weeks between each session. Participants came to each session as a pair, i.e. carers accompanied people with dementia and both took part. Sessions started at 9:30 am on a weekday morning. Upon arriving all participants completed a cognitive assessment. Cognitive assessments utilised included the Mini-Mental Status Examination (MMSE) [46] followed by the Hopkins Verbal Learning Test (HVLT) [52] , Verbal Fluency (VF) [49] and The Cognitive Computerised Test Battery for Individual's with Intellectual Disabilities (CCIID) [53] . The cognitive assessments applied during the study were completed in the same order each time but with different versions of the instruments utilised where possible. Participants were then offered a drink and had a chat with the researchers. The participants would then complete 30 minutes of a social activity or 30 minutes of resistance band physical activity. The activities were order-balanced so each couple would complete either a social activity and then the physical activity, or vice versa. Immediately following both activities all participants would complete a second cognitive assessment. The third and final session was one cognitive assessment as a 6-weeks follow-up to the previous activity, but no activities were undertaken during this session.
Intervention
The activities took 30 minutes each. Two researchers and 2 participants were present for all activity sessions. Social interaction was controlled for throughout. Researchers ensured that social interaction was encouraged, this ensured all participants were equally engaged with conversation throughout both activities. The psychosocial control activity involved a group of four people playing a game of bingo while seated at a table. One researcher called the numbers and the other three individuals participated in the game of bingo. Each player was given two bingo cards and the games lasted around 30 minutes each time. Table 1 shows the timeline of the interventions and assessments that participants completed.
The resistance band physical activity condition contained four activities. Each activity required participants to be seated, with each end of the resistance ity can lead to longer term benefits on brain health. For example, meta-analysis has shown links between physical activity levels and white matter structure [42] , the prevention of prefrontal volume reduction [43] , as well as age-related hippocampal deterioration [44] . Despite consensus from both animal and human studies that physical activity benefits brain function, further research is needed to establish the exact neurobiological mechanisms that mediate the benefits of physical activity on cognition, behaviour and neurodegenerative diseases [45] . Having said that, based on this varying assemblage of mechanisms that indicate improvement through engagement in physical activity, researchers have suggested that physical activity is able to positively affect people with dementia through brain vitality in general rather than dementia specific pathological mechanisms [12] .
Considering the potential for physical activity to improve brain health of people with dementia and as a result mitigate the effects of characteristic cognitive decline, the cognition should be measured following a short bout of physical activity to better understand the potential for physical activity to act as a therapy for dementia. Previous physical activity studies have applied various cognitive assessments to measure the effects of the physical activity programs. The Mini Mental State Examination or MMSE [46] , for instance, has been used to compare cognitive scores of people with dementia before and after both aerobic [47] and combined physical activities [48] . Toots and colleagues applied both the MMSE and the Verbal Fluency or VF [49] to their research into high intensity strength and balance training for people with dementia but did not find significant differences between groups using these tests [50] . Earlier research by Steinberg, Leoutsakos, Podewils and Lyketsos [51] also used the Hopkins Verbal Learning Test or HVLT [52] to assess the effects of combined physical activity programs for community dwelling individuals with dementia. The Cognitive Computerised Test Battery for Individual's with Intellectual Disabilities or CCIID [53] , on the other hand, is yet to be utilised within this context. However, considering the CCIID's accuracy in detecting diagnoses of dementia for previously healthy individuals, as well as those with a pre-existing intellectual disability [54, 55] , there is potential that the CCIID could also be sensitive to acute cognitive changes resulting from physical activity engagement. The aims of this study are hence twofold; to firstly, establish the acute cognitive effects of a short bout of physical activity for people with dementia and aged-matched controls; and secondly, establish whether physical activity shows cognitive benefits over and above a psycho-social control activity on a new assessment of executive functioning (the CCIID) and other cognitive assessments previously shown to be sensitive to effects of physical activity in dementia.
keeping the band held tightly and their arms still, this was followed by stretching their legs out towards the floor and away from their chairs. This was repeated for both legs. Each part of the physical activity was completed a minimum of 4 or 5 times, as researchers and participants were talking continuously however, number of repetitions were not strictly counted, just as long as participants felt the physical response from engaging with the resistance band this was deemed sufficient repetitions. All four components of the activity were then repeated at least one more time. This in total took around 30 minutes to complete.
Statistical analysis
Analyses were conducted in SPSS version 24.0. Firstly, Descriptive Statistics, Mann Whitney U and Chisquare analysis were conducted. Means and standard deviations of each of the cognitive scores were then examined across all three time-points, before, after and at 6-weeks follow-up. Boxplots were then created to further examine mean differences following each intervention. Mixed effect measures 3 × 2 × 2 ANOVA were applied to investigate if there was a significant difference in the interaction of two within subject measures, "time" and "intervention" and the between subjects "group" factor. Table 2 shows baseline demographic information for all participants. The groups did not differ significantly in age or gender. All cognitive assessments and instrumental activities of daily living showed significant differences between participants with dementia and controls. Participants did not, however, differ in scores on the physical self-efficacy questionnaire or the Geriatric Depression Scale. None of the participants scored below 6 on the GDS, the suggested cut-off that could indicate a depression [60] .
Results
Cognitive scores were then examined across all three time-points of each intervention. Table 3 shows these means and standard deviations. For participants with dementia immediately after the resistance band activity improvements can be observed on the MMSE, VF, HVLT, Series, Jigsaw and Total CCIID. Only the MMSE, Series and Total CCIID still showed improve-band to be held firmly in each hand, with the middle of the band tucked underneath the middle of both of the participant's feet. Researchers checked the band had been placed correctly to guarantee safety when beginning the activity, if the band was not correctly centred under the feet. participants were asked to adjust this appropriately before receiving any further instruction. The first task asked participants to rotate their core while holding the band tightly to their side. This activates their core or trunk muscles [56] , which includes both the abdominal and paraspinal muscles, which have been shown to play a crucial role in maintaining balance and functional mobility in older adults [57] .
Additionally, findings from Rogers and Jarrott [58] indicated that upper body muscle strength is both associated with dementia and a key contributor to functional disability. The second and third activities therefore activated the muscles in the arms and shoulders as a way of building strength in the upper body. Arm muscle strength is also crucial for many activities of daily life, such as eating and drinking. Specifically, the second activity asked the participants to put their arms straight down by their side, then slowly extending them out to the side. The third asked the participants to maintain the band in the same position under their feet but switch the hands in which they were holding the bands; this created a cross in the band in front of the participants' knees.
Participants were then asked to pull the band up towards their chest, while sticking their elbows out in a movement akin to rowing a boat. Leg strength could also be crucial for activities of daily living, playing a role in important activities such as walking, getting up and down from a chair, climbing stairs. Increases in leg strength have been significantly associated with increases in walking endurance in older adults [59] .
Therefore, the final activity participants were asked to perform with the resistance bands activated the leg muscles. Specifically, the participants were required to 'uncross the band' or switch the hands in which they were holding the band and remove one foot from the band, so that the band looped round only one of the participants' feet this time. The participants were then asked to pull their knee up toward their chest while 
weeks in between
Cognitive assessment follow up with no activity cognitive scores were observed for people without dementia immediately following the psychosocial intervention.
Boxplots were then utilised to visually examine any changes in means resulting from each intervention. Figure 1 shows the HVLT scores of people with dementia before, after and 6 weeks after each intervention. ments at 6-weeks follow-up. Immediately following the psychosocial intervention, participants with dementia only showed improvements on the HVLT, which were not sustained after 6-weeks. For age-matched controls acute effects of resistance band activity were observed on the VF, Series, Odd One Out and Total CCIID. None of these scores continued to improve at 6 weeks follow-up. Improvements in the Series and Total CCIID On the other hand, age-matched controls experienced a decline in HVLT scores immediately following the resistance bands and stayed the same following the An increase on the HVLT immediately following the resistance band physical activity can be observed and a slight increase on the psychosocial intervention too. These improvements, however, were not maintained at age-matched controls over and above intervention effects. Figure 3 shows the CCIID Series subtest scores for participants with dementia before, after and 6 weeks psychosocial intervention, as shown in Figure 2 . Participants suggested through comments to the research that they were experiencing tiredness effects. This could have influenced participant's cognitive scores for Increase in cognitive scores were visible on the MMSE, VF, HVLT, Series and Jigsaw subtests and total CCIID immediately after engaging in a short bout of resistance band physical activity. Acute effects following the psychosocial control activity were only observable on the HVLT for people with dementia. Both interventions offered social interaction, therefore these results suggest that greater benefits could be available to people with dementia through engagement in physical activity with others, rather than just engaging in a psychosocial activity. Interestingly, the effects differed slightly for those without dementias, who showed cognitive improvements on the VF, Series, Jigsaw and Total CCIID following the physical activity, but following the psychosocial control activity only on the Series and Total CCIID. These findings are consistent with previous work that indicated that a single bout of physical activity can have acute cognitive benefits [26] .
The results also suggested a greater benefit of physical activity for people with dementia than age-matched controls. Specifically, previous studies have found that the influence of physical activity engagement on higher order cognitive functions is affected by ceiling effects. This means that participants with lower baseline after both physical and psychosocial interventions.
Here the Series scores can be observed to increase following the physical intervention, whereas a decrease can be observed declining immediately following the psychosocial control activity. Figure 4 shows the Series scores for participants without dementia before, after and 6 weeks after both interventions. It can be observed that both interventions result in a slight increase in Series scores.
Following inspection of the means, a mixed-measures 3 × 2 × 2 ANOVA was used to investigate whether there was a significant difference between "time", "intervention" and "groups". As shown in Table 4 , the MMSE, VF, HVLT, Series and Total CCIID all showed significant group differences. The HVLT showed a significant time by group effect. Trends towards significance were also shown in overall interaction effect of time, intervention and group for the Series and Total CCIID; indicating that with sufficient power, the Series and total CCIID could have detected significant interaction effects.
Discussion
The present study indicated that there could be cognitive benefits of physical activity for people with de- performance on executive function tasks, which in this case are the participants with dementia, can expect the greatest benefits from a single session of physical activity [32, 33] . This was supported by these data.
The three-way mixed ANOVA analysis, although underpowered showed a time by group effect on the HVLT suggesting that differences were observed between people with dementia and those without over each of the three time-points. Furthermore, the Series and Total CCIID showed a trend towards significance on the overall effect of time, group and intervention. This suggests that inductive reasoning could be an executive function that is affected by physical activity engagement. Inductive reasoning has been specifically highlighted as important in the execution of activities of daily living tasks [61] . Therefore, through physical activity engagement people with dementia could increase their inductive reasoning abilities, which could in turn help to maintain their abilities to engage with activities of daily living for longer. This prolongation of independence and activities of daily living could have widespread implications for people with dementia and their families. Literature has advocated home based dementia care as the best option for dementia care moving forward [62] . With around 60% of people with dementia remaining in the care of familial caregivers at home [63] , it is important to encourage the maintenance of activities of daily living and physical activity as a part of dementia care.
The cognitive [12] and physical benefits [7] available to people with dementia through long term engagement with physical activity have been well evidenced throughout the literature. This study highlights the potential for acute benefits from engaging with physical activity and thus further supports the potential for people with dementia to use physical activity as a therapy for dementia in the absence of effective pharmacological treatments [1] . Results from this study, however, should be interpreted with caution as this study was limited by its small sample size. This meant conducted analyses were underpowered. Having said that, the cognitive assessments applied successfully detected subtle cognitive changes resulting from intervention engagement. Previous research has suggested the cognitive assessments applied, specifically the CCIID and the Series subtest, have good potential for clinical use in detecting and diagnosing dementia [55] . This current study indicates further potential for clinical use of the CCIID and Series in assessment of intervention effects.
Considering the well documented cognitive benefits available to people with dementia observed in substantive earlier research and supported by this present study, resistance band physical activity can be recommended as a potential therapy for people with dementia. The physical activity offered as a part of this study only took a short amount of time, was accessible for all abilities and could be performed at varying intensities.
